Abstract. The charge ordering observed in the (TMTTF) 2 X family has been studied by X-ray absorption spectroscopy. XANES measurements at the Sulfur K-edge show no evidence of charge disproportionation larger than 0.5 e, and EXAFS at the Phosphorus K-edge indicate no displacements of the PF 6 anion larger than 0.05 Å. The difficulty to observe a structural signature of this charge ordering is due to the triclinic symmetry of these salts. By contrast, in the monoclinic charge transfer salt (DMtTTF) 2 ClO 4 , a screw axis symmetry constrains the molecular stacks to be uniform. In this real ¼-filled system, charge localization is observed at about 150 K. We show that around this temperature an incommensurate modulation of reduced wave vector (0.58,0,-0.275) is stabilized. The transition is strongly hysteretic, but no long range order is established. We suggest that this modulation, which has the 4k F periodicity in the chain direction, stabilizes a local antiferroelectric state similar to the one previously observed in (TMTTF) 2 SCN.
INTRODUCTION
The Bechgaard ((TMTSF) 2 X) and Fabre ((TMTTF) 2 X) salts and more generally the 2:1 organic charge transfer salts, are among the richest materials ever discovered. Indeed, while Mott localization, spin-Peierls state, antiferromagnetism and superconductivity are known and studied for two decades [1] , ferroelectricity (FE) and antiferroelectricity (AFE) have recently been recognized [2, 3] as being part of the general phase diagram of the (TMTTF) 2 X compounds. Dielectric permittivity [2] and NMR measurements [4] in (TMTTF) 2 PF 6 , AsF 6 , SbF 6 , and (TMTTF) 2 ReO 4 , SCN compounds [5] , lead to the conclusion that these FE (q=0) and AFE (q≠0) states are associated to a charge ordering (CO), and result from the lost of the symmetry center relating the molecules of the chain. On resistivity curves the q=0 CO gives rise to small though visible anomalies [6] , while diffraction methods fail to evidence structural anomalies associated to the CO transition [7] .
(TMTTF) 2 X COMPOUNDS
It is known [8] that sulfur K-edge X-ray absorption spectroscopy (XANES) measurements are very sensitive to the electronic state of sulfur involved in a molecule. XANES spectra on (TMTTF) 2 X have been measured on the SA32 beamline at LURE, for X= PF 6 , AsF 6 and SbF 6 , above and below the CO transition temperatures. Figure 1 displays typical spectra of (TMTTF) 2 PF 6 (T CO =70 K) at 100 K and 10 K and their derivative. The position of the S K-edge is found to be the same, with a precision of about 0.1 eV. The same results have been obtained for the two other salts. Assuming that a charge transfer 2∆ρ =1e -gives rise to a edge shift of 2.5±0.5 eV [8] , we obtain that the charge transfer per sulfur atom is less than 0.08±0.02 e -. As the total charge of a TMTTF molecule is equally spread on 6 atoms (the S and the central C atoms), we obtain that the charge disproportionation, if any, is less that 2∆ρ < 0.5±0.1 e -. This value is consistent with the NMR results (2∆ρ =0.5 for the three salts) [4] , but better agrees with optical studies, indicating 2∆ρ=0.12 and 0.26 for the PF 6 and AsF 6 salts respectively [9] . Note that in the q≠0 states of the ReO 4 and SCN salts, structural methods give 2∆ρ=0.5 and 0.3, respectively [10] . EXAFS experiments were also performed at the P K-edge (2160 eV) below and above T CO , in order to check a possible displacement of the anion coupled to the charge ordering [3] . No significant difference was observed between the spectra, indicating that the displacement of the anion, if any, is less than 0.05 Å.
THE (DMTTTF) 2 CLO 4 SALT
In 2:1 charge transfer salts, the difficulty to evidence CO or more generally 4k F -site or -bond CDW, by structural methods, comes from the triclinic symmetry of most salts: the charge disproportionation (4k F -site CDW) only breaks the inversion center, while the dimerization (4k F -bond CDW) does not break any symmetry. Overcoming this difficulty is not trivial because it requires the synthesis of more symmetrical salts, such that site or bond 4k F -CDW break another symmetry element. To our knowledge, only two 2:1 charge transfer salts satisfy such a requirement i) (EDT-TTFCONMe 2 ) 2 AsF 6 , [11] , in which a glide plane insures the uniform stacking, and ii) the monoclinic form of the (DMtTTF) 2 X series, obtained with X=ReO 4 and ClO 4 [12] , in which a 2 1 screw axis plays this role. The former compound is localized at ambient temperature, while the later ones exhibit a charge localization at about 150 K. Consequently, such compounds with uniform stacks are ¼-filled, even though the real periodicity of the chain is still twice the intermolecular distance. Let us insist on the fact that in such cases any kind of electronic localization coupled to the lattice should break this "¼-filled symmetry". Indeed, a charge disproportionation would make the sites (molecules) inequivalent, while a dimerization will unsymmetrize the bonds.
The (DMtTTF) 2 ClO 4 crystallizes in the monoclinic C2/c space group [12] , with the cell parameters a=27.768 Å, b=7.159 Å, c=14.040 Å, and β=110.86°. The molecules are stacked (b direction) in the same "zig-zag" arrangement characteristic of the Fabre/Bechgaard salts, but i) the tranverse order between chains is different and ii) the ClO 4 anions are already ordered in the monoclinic form. Intensities are on a logarithmic grey scale. For the sake of simplicity, the monoclinic angle β has been set to 90°.
The temperature dependence of the q 1 -and 3q 1 -diffuse spots peak intensity are indicated in Fig. 3a) . These behaviors are strongly hysteretic: upon cooling a sharp increase of the intensity is observed at 158 K while upon heating the decrease appears at 195 K. This transformation is accompanied by strong variations of the Bragg reflections intensity as shown in Fig. 3b ). It should be noted however that although this behavior is similar to that of a first order phase transition, no long range order is stabilized. 
DISCUSSION
Let us discuss now the structural features of this quasi-phase transition. First of all, the k=0 component of the q 1 -diffuse spots along the chain indicates that the modulation has the periodicity of the chain, which corresponds to a 4k F modulation. The q 1 wave vector is close to the 2a*-c* direction, which means that the wave fronts of the modulation are close to the (a+2c, b) plane, as indicated in Fig. 4 , and almost parallel to the length of the molecules as well. Given that the anionic sublattice is almost faces centered, the existence of the extinction rules can be understood if the anionic and the molecular sublattices are displaced as a whole. The sense of these displacements are schematically indicated by large arrows in fig. 4 . The extinction rules H+K+L=odd then implies the alternation of these arrows in the q 1 -direction (AFE order). Finally, the presence of strong 3q 1 -odd harmonics suggests a squared shape modulation with an incommensurate period of ~3.5 unit cell (i.e. ~7 molecular planes), as sketched in fig. 4 . The incommensurate character of the modulation along with the absence of long range order, could be due to a statistical distribution of π-domain walls of the AFE order. The site or bond character of this 4k F -like modulation, is difficult to extract from our experiments. Nevertheless, it is clear from Fig. 4 that the relative displacements of the charged species would create a antiferroelectric-like state, at least locally. In this respect, it is noteworthy that this ordering is similar to the (0, ½, ½) anion ordering observed in (TMTTF) 2 SCN [13, 10] , which corresponds to an AFE state [3] . This indicates that AFE could be induced by a CO in (DMtTTF) 2 ClO 4 as well. This order is also similar to the (0, ½, ½) modulation observed below 137 K in the localized salt (tTTF) 2 ClO 4 [14] .
In conclusion, the molecular distortion due to CO, as well as the expected anion displacements are still elusive in the q=0 FE transitions of the Fabre salts. However, the study of the "¼-filled" (DMtTTF) 2 ClO 4 indicates that AFE could be stabilized in other systems. It is thus tempting to suggest that the driving force of these (anti)ferroelectric phases is also the charge ordering, which could be a general feature of the phase diagram of the 2:1 charge transfer salts.
